This paper describes the GRUAN-wide approach to manage the transition from the Vaisala RS92 to the Vaisala RS41 as the operational radiosonde. The goal of the GCOS Reference Upper-Air Network (GRUAN) is to provide long-term high-quality reference observations of upper air Essential Climate Variables (ECVs) such as temperature and water vapor. With GRUAN data being used for climate monitoring, it is vital that the change of measurement system does not 5 introduce inhomogeneities in to the data record. The majority of the 27 GRUAN sites were launching the RS92 as their operational radiosonde, and following the end of production of the RS92 in the last quarter of 2017, most of these sites have now switched to the RS41. Such a large-scale change in instrumentation is unprecedented in the history of GRUAN and poses a challenge for the network. Several measurement programmes have been initiated to characterize differences in biases, 10 uncertainties and noise between the two radiosonde types. These include laboratory characterization of measurement errors, extensive twin sounding studies with RS92 and RS41 on the same balloon, and comparison with ancillary data. This integrated approach is commensurate with the GRUAN principles of traceability and deliberate redundancy. A two-year period of regular twin soundings is recommended, and for sites that are not able to implement this burden sharing is employed, such 15 that measurements at a certain site are considered representative of other sites with similar climatological characteristics. All data relevant to the RS92-RS41 transition are archived in a database that 1 https://doi.will be accessible to the scientific community for external scrutiny. Furthermore, the knowledge and experience gained about GRUAN's RS92-RS41 transition will be extensively documented to ensure traceability of the process. This documentation will benefit other networks in managing changes in 20 their operational radiosonde systems.
its end of production, Vaisala's RS92 radiosonde was also widely used outside of GRUAN, with a global market share of approximately 30% (including at least daily launches at sites on every continent). Its performance was among the best of the commercially available radiosonde models 50 (Nash et al., 2011) . Until recently, the majority of the 27 GRUAN sites employed the RS92 (listed in Table 1 and shown in Figure 1 ), which effectively made the RS92 GRUAN's backbone in terms of 2 https://doi.org/10.5194/gi-2019- 36 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License. upper-air sounding. Any change in instrumentation in a GOS (Global Observing System) network not only presents potential data continuity concerns, but it will also pose a challenge to a far broader community of users. Radiosounding data form a key input to NWP systems and human forecasts 55 such that any difference in performance has potentially large impacts. The challenge is to ensure continuity of operations without negative scientific or financial ramifications. The manual on the GOS states that "Changes of bias caused by changes in instrumentation should be evaluated by a sufficient period of observation (perhaps as much as a year) or by making use of the results of instrument intercomparisons made at designated test sites" (Section 2.2.2.13 of WMO, 2017) . 60 One of the key potential benefits of a tiered networks design (Bodeker et al., 2016) is the dissemination of information derived from a subset of top-tier reference quality sites down to the geographically broader lower-tier network sites. Figure 2 schematically depicts a three-tiered upper-air observing system architecture, with a 30-40 station GRUAN network providing reference observations for more extensive networks such as the GCOS upper-air network (GUAN). Reference network 65 sites serve as the long-term anchor points that comprehensively characterize the atmospheric column with the highest quality measurements currently feasible. The base of the system is the entire global upper-air observing system, serving a wide variety of purposes, primarily weather prediction, and including the operational radiosonde network, aircraft and satellite observations, etc., and embracing model-assimilated upper-air datasets and reanalyses. The 177-station (as of March 2019) GUAN is a 70 subset of the operational radiosonde network that, in the late 1990s, committed to long-term, consistent observations, but does not deploy any special instruments for high-quality climate observations as GRUAN does.
In the case of the transition from RS92 to other radiosonde types, the lessons learnt from GRUAN activities to manage the transition may benefit those GUAN sites faced with the same challenge as 75 well as other sonde stations from the remainder of the GOS. Furthermore, by undertaking an intensive characterization of the transition, GRUAN can assist not just the climate community but also other communities such as numerical weather prediction (NWP)/forecasting through active dissemination of the resulting analyses of any effects of the transition. Such an approach requires visibility during all four seasons. The study highlighted the importance of undertaking a sustained programme (i.e. >1 year) of coincident soundings by old and new instrumentation to understand any seasonality 125 of biases. Seasonally dependent biases may arise from changes in the measured ECVs and/or annual cycles of covariates such as radiation effects which are particularly important at those sites where launches systematically occur at or near dusk/dawn. The second switch, RS92 to RS-11G, involved 52 twin soundings over a period of two years (Kobayashi et al., 2019) .
There are some crucial distinctions between this precursor analysis at Tateno and the current 130 GRUAN-wide transition from RS92 to RS41 radiosondes. For Tateno:
-At the time, neither the original nor the replacement sonde models had GRUAN data products being processed and provided routinely to the user community.
-The change related to a single instrument at a single site.
-The update arose from a choice by the site to change instrumentation such that the timetable 135 could be altered as necessary.
Although the matter of broader change management pertaining to simultaneous instrument transitions at multiple sites has been informally discussed on various occasions, e.g. during GRUAN's annual Implementation and Coordination Meetings (ICMs), prior to the RS92 cessation of production, there existed no formal plan for managing such a wide-spread change. This large-scale transition 140 poses a major challenge for GRUAN as a reference network because it must not compromise the continuity, quality, and homogeneity of the data records.
This change of the operational radiosonde at the majority of the GRUAN sites is unprecedented in the history of GRUAN. A network-wide challenge requires a facilitated and coordinated solution if the change is to be successful, and if GRUAN is to succeed. The fundamental challenge is thus 145 to design and deliver a GRUAN-wide strategy for managing and coordinating the near-simultaneous changes of the operational radiosonde at many sites. This strategy should include all aspects of the change management including inter-alia:
network coordination to share the burden, the necessary roles of ancillary measurements coincident with the sonde measurements, Since GRUAN always seeks to promote competition in the marketplace, sites were encouraged to consider all available options for how to proceed with their transition from the RS92, including changing to sondes produced by other manufacturers. Despite the independent decision-making pro-160 cedure, each GRUAN site that launched RS92 sondes has transitioned to the RS41. It is important to stress that these decisions arose from the individual GRUAN sites and not from the network management. The consequence is that the network must transition between two instrument models from the same manufacturer. If some sites had chosen to switch to radiosondes from different manufacturers, GRUAN would have been required to develop a very different change management programme than 165 the one described here.
Two of GRUAN's strengths are its ability to call on expertise from across the network to tackle such challenges and its ability to distribute required actions among the sites to share the burden.
Currently, specialists from various fields of expertise within GRUAN are engaged in addressing the above mentioned points. This not only advantages the affected sites and GRUAN as a whole, but 170 also helps other observational networks, such as e.g. GUAN, in managing the same transition.
Change management
Proper management of the change of a measurement system requires determining all relevant differences between both systems prior to the transition. Typically this means organizing a period of observational system overlap as well as laboratory-based characterization of the differences between 175 the instruments. While the specialized facilities to perform extensive laboratory testing are not available at each site, there is no impediment to sites performing real-world intercomparisons like twin soundings, although the costs of extra receiving systems and sondes may pose limits on the number of flights that can be performed.
It is essential to quantify biases between the new and the old instruments as well as changes in 180 calibration/measurement errors and uncertainties. These attributes may have complex interactions with covariates which complicate the quantification of the effects of the change. One example of such a measurement error, the solar radiation-induced temperature bias, will vary with altitude, season and geographical location, because it depends on the ambient pressure, solar elevation angle and radiation intensity (Dirksen et al., 2014) . The full range of sources of RS92 uncertainties that 185 may have complex spatio-temporal characteristics, including ventilation, sensor orientation, and prelaunch calibration, have been described in detail by Dirksen et al. (2014) . These uncertainties will also vary with location due their dependence on solar elevation angle, cloudiness, and winds. Once the biases have been identified and corrected for, and the uncertainties have been determined, the data (m 1 and m 2 ) from both measurement systems should be consistent, meaning that the agreement 190 6 https://doi.org/10.5194/gi-2019-36 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License. criteria set out in Equation 1 are met with factor k = 2 (Immler et al., 2010) . Another way of saying this is that the measurement data consistently lie within each other's uncertainty coverage factors (u 1 and u 2 ) after accounting for any effects of non-coincidence.
Verifying this consistency requires a sufficient population of coincident measurements to determine 195 in a statistically robust manner that the data satisfy this condition. Neither the GRUAN Manual (WMO, 2013a) nor the GRUAN Guide (WMO, 2013b) provide a clear requirement for the duration and intensity (measurement frequency) of an intercomparison study because it is inherently dependent on instrument type and measurement principle. However, as mentioned in Section 1, the manual on the GOS suggests a one-year intercomparison period. Different instruments measure different
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ECVs in very distinct manners. Some are episodic remote sensing, some are continuous remote sensing, others are periodic in-situ profiles. For each measurement type a different 'side-by-side' operation strategy would be required, which depends on (at a minimum): the instrument characteristics, variability in the target measurand, and cost and logistical considerations. Kobayashi et al. (2012) suggest that a total of 120 twin soundings spread across the seasonal cycle, at a given location, 205 would be more than sufficient to characterize the effects of a change in radiosonde instrumentation, although the study did not consider the metrological quantification aspects that are necessary in the current case. Hence, for radiosondes, the GRUAN Lead Centre recommended that sites perform weekly, or with a bi-weekly interval, twin soundings for a period of two years. The two-year period ensures that seasonality is better probed, and a sounding interval of a week instead of a day mitigates 210 the additional operational costs. The twin soundings should be equally distributed between day and night soundings.
Coordination with satellite overpass is highly encouraged, with particular emphasis on targeting times when a GNSS-RO and polar orbiter overpass may occur in the site's proximity. The sonde-satellite data comparison would also serve as an additional station-to-station transfer-check of 215 consistency of the results. This is further discussed in Section 7.
Laboratory testing is used to characterize the radiosonde's sensors, as is done to establish a GRUAN data product for each radiosonde model. The results of the laboratory tests for the RS92-RS41 transition are being employed in developing a GRUAN data product for the RS41. The parameters tested include: radiation error for the temperature and humidity sensors, sensor calibration 220 accuracy, and response time-lag and hysteresis effects of the humidity sensor. The Lead Centre facility, hosted by DWD at the Lindenberg Observatory, has access to a broad range of laboratory-based facilities suitable for characterizing radiosonde performance. These facilities, shown in Figure 3 , were used to characterize the RS92 instrument as described in Dirksen et al. (2014) and include:
standard humidity chambers (SHCs) validate RH sensor calibration,
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radiation test chambers to investigate the solar-induced temperature errors and dry biases, 7 https://doi.org/10.5194/gi-2019- 36 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License.
climate chamber operating between -75 • C and +20 • C for sensor response time-lag testing.
Section 5 gives a more detailed discussion of the application of these facilities to the characterization of radiosondes, together with an overview of preliminary results from these laboratory tests.
4 Network coordination to share the burden This approach to burden sharing will promote quality over quantity, as it is envisaged that some sites will opt only for a limited intercomparison period, or perhaps only a short campaign-like effort.
On their own, these limited intercomparison efforts would be insufficient to properly investigate the seasonality of the differences between the old and the new sounding systems. But as a network, the sum of these small contributions becomes substantial. Indian Monsoon, RS92-RS41 twin soundings were performed to investigate the differences between both systems under these particular meteorological conditions.
All data from the intercomparisons listed in Tables 1 and 2 will be made available to the scientific community via the GRUAN data servers, as discussed further in Section 8.3. 
Support equipment
To support data telemetry for RS41 radiosonde measurements at GRUAN sites, the Lead Centre has a spare, fully-equipped radiosounding receiving system that can be temporarily loaned to sites that cannot afford to purchase a second receiving station. This fully functioning system consists of an antenna, an MW41 receiving system, and a compact Vaisala WXT weather station for collecting 270 metadata surface observations at the time of the launch. In addition to this hardware, an SHC can be loaned for performing manufacturer-independent pre-launch checks in a 100 %RH environment, as discussed by Dirksen et al. (2014) .
Furthermore, Vaisala has several MW41 systems on hand that can be loaned to sites that wish to conduct short to medium-term RS92-RS41 intercomparison campaigns. Various GRUAN sites have The laboratory facilities at the Lead Centre/Lindenberg Observatory, photographically presented in Figure 3 , are being used for extensive testing to characterize the measurement errors and uncertainties of the RS41 and the RS92, an activity which is essential for the development of a GRUAN data products for both radiosondes. The tests primarily focus on the error sources which are known to be dominant for radiosondes, i.e. the solar radiation heating of the temperature and humidity sensors, 285 the response time-lag, and the accuracy and reproducibility of the humidity sensor's calibration.
Radiation error tests are performed in an adapted SHC at pressures between ambient and 3 hPa (see Dirksen et al. (2014) for a description of the radiation tests and their configuration) as well as in a newly developed system that allows for improved ventilation and illumination. Preliminary radiation tests were performed on RS41 radiosondes from 2014 through 2019, and further tests are 290 foreseen for 2020. The results indicate that the temperature sensor of the RS41 radiosonde is less susceptible to heating by solar radiation than that of the RS92. However, these results apply to raw (uncorrected) measurement data and it is not possible to draw direct conclusions on the resulting temperature bias between the Vaisala-processed data products of RS92 and RS41 since in the data processing of both sondes different corrections are applied for the radiative heating. Table 4 . In addition, each SHC is equipped with a Pt100 reference thermometer which tests the calibration accuracy of the radiosonde temperature sensor.
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The response time-lag of the humidity sensor is determined by measuring its reaction to a stepwise change in the humidity of the airflow, while keeping the temperature of the airflow constant. The time-lag effect becomes significant at temperatures below -40 • C, the point at which the response time of the humidity sensor starts to exceed 10 s (Miloshevich et al., 2004; Dirksen et al., 2014) . The time-lag tests are performed in a climate chamber which can reach temperatures as low as -75 • C.
305 Table 3 summarizes the laboratory experiments that have been performed to date to characterize the RS41 radiosonde.
The lab-based characterization results will be included in the scientific database holding all data that are relevant to the RS92 to RS41 transition (discussed in Section 8.3).
Results of the laboratory characterization 310
To assess the calibration accuracy of the humidity and temperature sensors, more than 150 RS41 radiosondes from various production batches were tested in SHCs at the relative humidities listed in Table 4 . In a typical experiment, each RS41 was sequentially placed in a series of six SHCs with increasing relative humidity, from 0 to 100 %, then back through the sequence of drier SHCs to 0 %RH. This sequence also allows assessment of hysteresis of the humidity sensor. At each humidity 315 level, the radiosonde was immersed in the SHC for approximately 4 minutes while its readings were recorded. The air inside each SHC was circulated at 5 m/s by a fan, and the temperatures of the air and saline solution inside the SHCs were measured by Pt100 reference thermometers. For some salts both air and solution temperatures are needed to accurately determine the relative humidity in the SHC, since the humidity over the reference salt depends on both quantities. 320 Figure 4 shows that the majority of the temperature measurements by the RS41 are within ±0.5 K of the reference temperature. Although the tail of the distribution extends to 1 K (not shown), only a few measurements show differences beyond 0.5 K. The mode of the distribution indicates a bias of -0.025 K, while from its width it can be inferred that the calibration uncertainty is smaller than 0.1 K. The histogram of temperature differences between the RS41 and the Pt100 reference is not 325 Gaussian, something that cannot yet be explained but will be the subject of further investigation. Figure 5 shows that all humidity measurements by the RS41 are within 2 %RH of the reference RH value with only a small fraction of the measurements showing differences larger than 1 %RH, which means that the uncertainty of the humidity calibration is smaller than 1 %RH. The histogram of RH differences between the RS41 and the reference RH value has a pronounced peak around 0 %RH, Radiation tests were conducted in the modified SHC as described by Dirksen et al. (2014) . Mea-335 surements were performed at various settings within the ranges:
pressure between 3 hPa and ambient,
ventilation speed of either 2.5 or 5 m/s, illumination times of 1-4 minutes.
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The illumination times depended on pressure, with longer exposures required for lower pressure environments to reach equilibrium. Figure 6 shows similar heating of the RS92 and RS41 temperature sensors at 300 hPa (0.15 K), but at 3 hPa ( Figure 7 ) the RS41 (1.4 K) heats only half as much as the RS92 (2.8 K). Furthermore, at 3 hPa, the RS41 sensor has reached equilibrium after approximately 30 s of illumination, whereas after 4 minutes of illumination the RS92 still hasn't reached 345 equilibrium. The investigation of the RS41's radiation error continues, including experiments with the newly developed laboratory radiation system, and the full analysis of these tests will be reported in a separate paper.
Metrology
A fundamental metrological principle stipulates that replacing one operational instrument with an-350 other should pose no problem provided that the results from both instruments are fully traceable to SI standards. Consequently, the new instrument could (almost) instantaneously be included in the traceability chain without the need for parallel testing or comparison with the replaced device. In practice, this idealized concept can rarely be adopted, even in primary metrology laboratories or in National Metrology Institutes. The problem is that different instruments or sensors may show 355 different responses to external environmental factors.
Concerning radiosondes, the sensors, especially for humidity and temperature, may during a sounding be exposed to unavoidable atmospheric or ascent-related effects. Some of these effects cannot fully be included in the realization of the controlled laboratory conditions which are provided during the preceding metrological instrument characterization and calibration procedures.
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Consequently, differences in the responses of sensors from different sonde models may still exist during ascents. An example is the warm bias of the radiosonde's temperature sensor caused by solar radiation.
For this reason it is essential to identify and quantify these differences between the old and the new measurement system at each time of a sonde replacement not only by laboratory work but also by 365 11 https://doi.org/10.5194/gi-2019- 36 Preprint. settings, similar to the one at Lindenberg Observatory (Section 5).
Besides laboratory facility, transportable calibration chambers have been developed and involved in a field campaign at the Ny-Ålesund GRUAN site, for the calibration of ground based pre-launch check sensors for pressure and temperature (Musacchio et al., 2015) . The novelty of the system was its capability to generate pressure and temperature independently, thus making the calibration 410 curves inclusive of mutual factors of influence (mainly temperature on barometers). Measurement results become more accurate, being the calibration curves (or planes) more representative of the field conditions met also in such extreme polar environment. ferred to as ancillary data. These ancillary data add significant to the analysis of the twin-launch data, because they form an independent source of data that is not affected in the same way by the error sources that are typical for radiosoundings and therefore can be used to validate the radiosonde intercomparison data. Furthermore, within one orbit and among a limited number of consecutive orbits, satellites provide a consistent background on a global scale. However, the long-term calibration 425 drifts and retrieval errors of space-borne instruments must be taken into account when comparing long-term data sets of coincident radiosoundings and satellite overpasses.
The GRUAN Lead Centre, in cooperation with the GRUAN Task Team Ancillary Measurements, is working with each GRUAN site to establish respective ancillary measurement data streams and ascertain which of these streams contain relevant data that could be used to support the RS92 to 430 RS41 transition. A key goal is to establish scheduling and sampling protocols to provide ancillary information that is spatially and temporally synchronized and internally consistent (Equation 1).
Protocols are being developed and deployed to ensure that such data are submitted to the scientific database (see Section 8.3) and tagged as ancillary information to facilitate future analyses.
The use of ancillary data from GRUAN sites in such a manner is currently in an early stage of measurements, although some like the GNSS-based total water vapor column product is likely to be certified in the near future (Ning et al., 2016) . Protocols for the development and the delivery of geophysical profiles from the various remote sensing techniques are being finalized.
The National Oceanic and Atmospheric Administration (NOAA) Products Validation System 440 (NPROVS) (Reale et al., 2012) facility can associate satellite measurements with any tagged GRUAN observation data within a given collocation window. This system can also process profile data from coincident ancillary measurements, including the associated uncertainties. This includes redundancy testing (Immler et al., 2010) and integration of consistent ancillary profiles into Site Atmospheric
State Best Estimates (SASBE) (Tobin et al., 2006) as recommended by the Lead Centre. However, 445 the processing, packaging and use of the ancillary data in a spatially and temporally coherent manner is a complicated task that remains under discussion.
The currently proposed plan is that the Lead Centre will identify each twin launch for the NOAA NPROVS team, including site-specific ancillary data, once coincident measurement strategies and data streams are established. The NPROVS team will append level-2 (geophysical profile) data 450 from satellites with special emphasis on those targeted for satellite overpasses and provide routine monitoring, analysis and distribution.
Scheduling
In addition to ground-based ancillary measurements such as GNSS, lidar, MWR, and FTIR, satellitebased observations also present a valuable and abundant source of additional observations for com-455 parisons with radiosounding data. To maximize their potential for scientific exploitation, the radiosonde launches should be scheduled to be coincident with satellite overpasses and/or the occurrence of GNSS-radio occultations (GNSS-RO) over the site. This would maximize the informational content available from instrumentation both on-site and arising from satellite-based capabilities.
A joint service between GRUAN and European Organisation for the Exploitation of Meteorolog- The decreasing differences between the radiosonde and both the satellite and the model data is tentatively interpreted as the RS41 providing better RH measurements in the upper troposphere than the RS92. However, validation by additional, independent measurements is needed to substantiate this. Figure 8 also shows that the bias between radiosonde and satellite/model data in the UT is up to 495 a factor two smaller for Europe than for Lauder. In addition, the shape of the difference profiles for Lauder and Europe are different and analysis of this discrepancy is ongoing.
The finding that the RS41 measures higher humidity values in the UT than the RS92 is also consistent with results for RS92-RS41 twin soundings that were performed at the GRUAN site in The collocated observations also permit assessment of calculated radiances, derived from radiosonde profiles using radiative transfer models, versus observed satellite radiances. Calbet et al.
(2017) used this method to evaluate RS92 data, and when applying the same method to RS41 data it 505 can provide additional information on the differences between RS92 and RS41.
In summary, scheduling and targeting RS41-RS92 twin soundings with satellite overpass brings more systems into the comparison and can enhance the transition analysis and provides more robust The wide range of research activities investigating the RS92-RS41 transition that are outlined in this paper will result in a substantive, and valuable, data archive.
The analysis of this data archive will be done from various perspectives by scientists with different 520 areas of expertise. Their results will need to be shared with the atmospheric science community. Table 5 lists a preliminary allocation of research analysis tasks and their principal investigators.
With this multi-disciplinary approach to the analysis of the data it is anticipated that the differences between the RS41 and RS92 radiosondes will be well understood and that inhomogeneities in their combined long-term data records can be minimized.
525
The list in Table 5 is incomplete and will be expanded as needs and requirements become clearer.
The aim is to publish several distinct papers that describe the results. As further outlined in Section 9, we strongly welcome engagement by the broader atmospheric science community to analyze and publish the results.
Preliminary results
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Up to September 2019, approximately 1500 RS92-RS41 twin soundings have been performed within GRUAN. A comprehensive analysis of this extensive data set is still ongoing, but as an example of this larger effort we present the preliminary results of the twin soundings performed at Lindenberg. 2016), such that the radiosondes were attached with a 80 cm long string to each end of a 1.5 m long rod, ensuring free rotational movement of the radiosondes and minimizing potential contamination by water evaporating from the rod. In the analysis, GRUAN-processed RS92 profiles (RS92-GDP.2 16 https://doi.org/10.5194/gi-2019- 36 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License. Dirksen et al., 2014) are used whereas the RS41 data are processed by the Vaisala MW41 system. The plots in Figure 10 (left-hand panel) show that for nighttime measurements the absolute temperature differences between the two sonde models are generally smaller than 0.05 K up to 30 km altitude with the RS92 (GRUAN-processed data) reporting slightly higher temperatures than RS41
(Vaisala-processed data). Above 30 km, T RS41 increasingly exceeds T RS92-GDP.2 , by 0.1 K at 35 km.
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This indicates differences in the corrections for radiative cooling at the top of the profile for each radiosonde type. The right-hand panel of Figure 10 shows that the temperature differences for daytime measurements in the troposphere are smaller than 0.1 K, with T RS92-GDP.2 larger than T RS41 . Above the tropopause this temperature difference gradually increases with altitude to approximately 0.6 K at 35 km.
560 Figure 11 shows that the tropospheric humidity values in the Vaisala-processed RS41 data are on average up to 5% higher at night and up to 10% higher during daytime. For the daytime measurements (right-hand panel) the relative differences increase with altitude, starting with a mean difference of 2.5% at the surface and reaching approximately 8% at 10 km. This observed higher RH RS41 in the Lindenberg twin soundings is consistent with the results presented in Section 7.2 and 565 in Figure 8 .
More detailed and elaborate analyses of the differences between RS92 and RS41, including twin soundings from other (GRUAN) sites, will be performed in subsequent studies. There is already a considerable amount of data available, as is summarized in Tables 1 and 2 . These studies will investigate in detail the influence of geographical and climatological effects, such as solar elevation 570 angle, clouds, and winds, on the RS92-RS41 differences.
Scientific database
A dedicated database, containing all data pertaining to the RS92-RS41 transition has been created and will be maintained. This database will be given its own digital object identifier (doi) and be pre- launches made at the sites. Furthermore, it will include coincident ancillary measurements from 580 e.g. satellite overpasses and/or ground-based remote sensors such as those identified in Section 7.
Making ancillary measurements available together with the radiosonde intercomparison data allows for in-depth analysis and understanding of the differences between the RS92 and RS41 radiosondes, and is commensurate with one of the key principles of GRUAN: to have measurement redundancy.
The data format of the files in the ancillary database will be CF-compliant NetCDF for ease 585 of access and the database will be built for easy web-based data discovery and access. It will be available as it is being populated with data to enable scientific analysis from the outset.
Although it may not be possible to analyze all aspects of the data immediately, building a longterm database will enable exploitation by the expert community well into the future and represent a substantial value-added outcome. The database availability will be advertised via the GRUAN 590 website at https://www.gruan.org and readers should check this source for the latest status.
Technical documentation
Documentation is a foundation stone of a reference network such as GRUAN. It is essential for the transfer of knowledge, ranging from describing operational procedures and best practices to perform measurements, via a detailed description of correction algorithms, to documenting changes 595 to measurement systems. In a broader sense, robust documentation ensures the traceability of the data products, a requirement for reference data. Only through the existence of proper documentation is it possible to assure the quality of the measurement data within GRUAN. All GRUAN technical documentation is available on the GRUAN website under https://www.gruan.org/documentation/ gruan/.
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In the specific case of the RS92 to RS41 transition, comprehensive documentation will provide the required transparency on how the change was managed, and this will make it possible to reconstruct and scrutinize the reported differences between the RS92 and the RS41 radiosondes, even after many years. Furthermore, this documentation will serve as a template for managing any future transitions of measurement systems within GRUAN. Finally, with GRUAN documentation available 605 to the wider scientific community, other networks, such as GUAN or the Global Observing System (GOS) might be assisted in managing changes in their observational radiosonde systems.
This paper serves as an overarching document, outlining the strategy of managing the RS92-RS41 transition within GRUAN. Other GRUAN technical documents and publications will cover various aspects in more detail. For example, a technical note was released which outlines the GRUAN 610 recommendations for the rig configuration for performing twin soundings (von Rohden et al., 2016) ,
whereas rig configurations for extended payloads consisting of multiple instruments and radiosondes are discussed in Jauhiainen et al. (2016) . It is foreseen that separate papers will be written that report on:
-The results of the laboratory characterization of RS41 sensors described in Section 5 615 18 https://doi.org/10.5194/gi-2019-36 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License.
-Synthesis of the RS92-RS41 intercomparison studies -Comparison against non-radiosonde measurements (e.g. ancillary data)
In addition, a final paper will be drafted that collates the results of the separate reports and summarizes and evaluates the outcomes of the RS92-RS41 transition for GRUAN.
9 How to get involved 620
The GRUAN change management programme envisaged in this paper could, in principal, be completed solely by current GRUAN members (sites, Lead Centre, scientists in the working group on GRUAN, and task teams). However, we explicitly recognize that there are substantial resources and expertise beyond the immediate GRUAN community which could increase the robustness of all aspects of the envisaged programme. Some specific potential suggestions are given below but there 625 are undoubtedly many more ways to get involved.
Participation of non-GRUAN sites, who plan to undertake an intercomparison of their own, is strongly encouraged. Sites need not undertake the full multi-season campaign to contribute substantive value. Any additional intercomparison data will provide either additional training data sets or a means to independently validate results and ensure that any geographical effects have been ade-630 quately accounted for. Sites should contact the Lead Centre staff (lead author) to initiate a discussion around data submission requirements.
Participation of experts in the analysis of the results is strongly encouraged. Research results are likely to be more robust and comprehensive after accounting for a broad range of user inputs.
The GRUAN community, although broadly diverse, likely misses some important types of expertise.
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The GRUAN Lead Centre and Working Group chairs can provide letters of support and further information to investigators wishing to apply for grant support to aid their involvement in the analysis of the transition from the RS92 to other models of radiosonde.
Dissemination and outreach of results leading to impact for both NRT and long-term applications will require sustained community engagement. It is important that the research results translate to 640 real-world applications and that, ultimately, will require user uptake.
Summary and outlook
In this paper we have described the ongoing GRUAN-wide coordinated approach to managing the change from the Vaisala RS92 to the RS41 as an operational radiosonde system within GRUAN.
Since the network's goal is to provide long-term reference-quality observations of ECVs such as 645 temperature and water vapor for the purpose of e.g. climate monitoring, it is vital that this change climatological factors and will also include ancillary data, is ongoing.
Commensurate with the importance of detailed and comprehensive documentation to GRUAN's 680 operations, the RS92-RS41 transition will be extensively documented to ensure traceability of the process. Furthermore, the documentation will help to convey the experience and knowledge gathered to other networks to aid them in managing any changes in their operational radiosonde systems. N sondes =224 Fig. 4 . Histogram of the differences between the temperature recorded by the RS41 and the reference Pt100 probe at room temperature under various humidity conditions inside a standard humidity chamber. The plot displays the collated results for tests in RH environments of 0, 11, 33, 75, and 100 %RH (Table 4) 
